To determine whether fall-related hip fracture, alone or in the presence of Fear of Falling, is likely to induce PTSD in an elderly population. DESIGN: A longitudinal prospective study of patients admitted for hip fracture. SETTING: Eight St. Louis, Missouri, area hospitals. PARTICIPANTS: Individuals aged 60 and older admitted for surgical hip fracture repair after a fall (N = 456). MEASUREMENTS: Rates of partial and full posttraumatic stress disorder (pPTSD and fPTSD) were compared with rates of FoF. PTSD and FoF were assessed 4 and 12 weeks after surgery. Baseline characteristics including depression, stress, pain, cognitive functioning, and anesthesia type were also analyzed as potential predictors of PTSD symptoms 12 weeks after surgery. RESULTS: No participants met criteria for fPTSD at 4 or 12 weeks, and rates of pPTSD were low 12 weeks after surgery (7.4%), in contrast to high rates of FoF symptoms at the same time point (58.5%). Higher ratings of stress and depressive symptoms at baseline were associated with higher levels of PTSD symptoms 12 weeks after surgery. CONCLUSIONS: Hip fracture, despite its considerable morbidity, does not induce fPTSD and infrequently induces pPTSD. Individuals with higher rates of stress and depressive symptoms after hip fracture repair may be more likely to develop PTSD symptoms.
F
alling is among the most common potentially traumatic events in late life, 1 especially when it results in serious injury such as hip fracture. In individuals aged 65 and older, falls are the leading cause of injury-related death and the most common cause of nonfatal injuries and hospitalization for traumatic injuries. 2 Falling is also a highly feared event; in one study, 80% of elderly women surveyed responded they would rather be dead than suffer the loss of independence and quality of life that would result from a "bad" hip fracture. 3 Given that, in older adults, hip fracture can have a debilitating effect on quality of life, morbidity, and mortality 4 and is associated with a greater loss of prefracture functioning 5, 6 and independence than other medical events, 7 it has been suggested that falling and a resultant hip fracture can be experienced as a traumatic event that can induce posttraumatic stress disorder (PTSD). 8 Although studies have focused on depression in older adults after hip fracture, [9] [10] [11] few researchers have examined the development of symptoms of posttraumatic reactions in older adults after a traumatic event, including hip fracture. 12, 13 Many studies that document the mental health sequelae of traumatic injuries exclude adults aged 65 and older or fail to include information on an upper age limit. This makes it difficult to determine whether low reported rates of new PTSD in older adults are due to some unique factor of aging or simply because older adults are excluded from such prevalence studies.
14 Unintentional injuries due to trauma are associated with anxiety in younger adults, 15 raising the question of whether this applies as well to older adults given their high rates of fallrelated injuries.
Using the Diagnostic and Statistical Manual of Mental Disorders 16 diagnostic criteria, the prevalence of current PTSD in adults aged 60 and older ranges from 1.5% to 4% 17, 18 for full PTSD (fPTSD) and from 7% to 15% for partial PTSD (pPTSD) 19 suggesting it is fairly common in older adults.
Older adults are 2.8 times less likely to experience PTSD symptoms after a traumatic event than younger adults, 20 suggesting that older age may be a protective factor against PTSD after hip fracture, although several studies have found no differences in PTSD symptoms between older and younger adults.
Less symptom reporting is not necessarily indicative of absence of symptoms but could be due to different reporting styles in elderly. To account for this, lower cut-off scores on the Posttraumatic Stress Disorder ChecklistSpecific (PCL-S; 24) were recommended after validation against the Clinician Administered PTSD Scale (CAPS; 50) 23 in individuals younger than 60. Thus, screening questionnaires with cut-offs validated in younger adults may misrepresent the rates of PSTD in elderly adults.
Fear of falling (FoF) is common after fall-related hip fracture: 64% 4 weeks after surgery and 50% 12 weeks after surgery. 4 Individuals who meet criteria for FoF are more likely than others to experience poor rehabilitation outcomes, including loss of mobility, institutionalization, and mortality. 4, 24 FoF is characterized by concerns about a potential future fall and has been described as "a lasting concern about falling that leads to an individual avoiding activities that he/she remains capable of doing". 25 FoF is an important psychological factor with components of anxiety and low self-efficacy, and the fact that avoidance may be a driving feature of FoF is noteworthy given that avoidance is also a hallmark symptom in PTSD. Thus, in the context of hip fracture, PTSD and FoF may have some overlap, because both are rooted in anxiety and behavioral avoidance.
Data from a prospective, longitudinal study of hip fracture were examined to explore rates and correlates of PTSD. It was hypothesized that a strong correlation would be found between trauma-related symptoms and FoF and that poorer baseline psychosocial, health, and cognitive functioning would be associated with higher PTSD ratings 12 weeks after surgery. Other perioperative variables, including anesthesia type, were also examined as potential predictors. 26 
METHODS

Participants
Between 2008 and 2012, individuals with a primary diagnosis of hip fracture due to a fall who were admitted for surgical repair were recruited from eight St. Louis, Missouri, area hospitals. Participants were aged 60 and older and were excluded if they had been nonambulatory before the fracture, had a current diagnosis of minor or major depression, or had stable moderate to severe cognitive impairment (according to chart review and brief bedside assessment). Other exclusionary criteria were metastatic cancer; interferon treatment; inoperable fracture; visual, auditory, or language impairment; living more than 1 hour away; or inability to consent or cooperate fully with the study protocol. Twenty-five individuals whose hip fracture was the result of a mechanism other than a fall were also excluded (e.g., bicycle or motor vehicle accident). All participants provided written informed consent approved by the Washington University School of Medicine institutional review board and the local hospitals' review boards.
Initial baseline assessment was completed at the bedside approximately 2 days after surgical repair. Baseline assessments evaluated all variables except FoF and PTSD, which were assessed only 4 and 12 weeks after surgery. Week 4 assessments took place in participants' residences, and week 12 assessments were conducted over the telephone. Trained study personnel conducted all of the assessments, and raters remained consistent throughout each participant's time in the study.
Measures
Posttraumatic Stress Disorder
Participants were administered the Posttraumatic Stress Disorder Checklist-Specific (PCL-S) 27 4 and 12 weeks after surgery. The PCL-S comprises 17 items used in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) 16 diagnosis of fPTSD, rated on a scale from 1 (not at all) to 5 (extremely). A rating of 3 (moderate) or above is considered indicative of the presence of that symptom.
Data from the PCL-S were summarized in three different ways for the current analyses: percentage of individuals meeting diagnostic criteria for the fPTSD 16 or pPTSD, 28 total score, and number of symptoms reported. In determining the average number of symptoms, only items with scores of 3 and greater were included in the count variable.
To avoid confusion with cut-off scores validated for different age groups, DSM-IV-TR criteria (presence of ≥1 symptoms from the reexperiencing cluster B, ≥3 symptoms from the avoidance cluster C, and ≥2 symptoms from the arousal cluster D), which could have resulted in total scores as low as 18, were used for fPTSD diagnosis rather than cut-off scores. Previously described 28, 29 criteria were used for the definition of pPTSD. To meet criteria for pPTSD, individuals had to report at least one item from the reexperiencing cluster B and at least three items from cluster C (avoidance) or two items from cluster D (arousal).
Study participants who screened positive for probable fPTSD using the PCL-S (based on DSM-IV-TR diagnostic criteria) were then asked to complete the CAPS to determine whether symptoms warranted a diagnosis of the disorder. The CAPS has good psychometric properties across a wide variety of clinical populations and research settings. 30 
Fear of Falling
FoF was measured using the 16-item Fear of Falling Questionnaire (FFQ). 31 The FFQ also displays good criterion validity by differentiating those who endorse FoF from those who do not. A recent analysis of this measure using this dataset confirmed its utility. 32 The FFQ is completed using a 4-point scale ranging from strongly disagree to strongly agree for each question. To provide a parallel to the PCL-S, the data from the FFQ were analyzed in three ways: presence of FoF, total score, and symptom count.
In calculating the number of FoF symptoms, item rankings were dichotomized so that items ranked strongly disagree or disagree were collapsed into disagree, and items ranked agree or strongly agree were collapsed into agree. To ensure that reverse-scored items were counted toward the appropriate categories, the FFQ measure was dichotomized after it was initially scored. For the purpose of reporting rates of FoF, the single item (item 4, "I am afraid of falling again") 32 that is most characteristic of the entire scale was used. Because FoF is not a construct with an associated diagnosis, the FFQ does not provide a suggested cut-off score from which to assess presence or absence of FoF.
Depressive Symptoms
Depressive symptoms were measured using the Montgomery-Asberg Depression Rating Scale (MADRS). 33 At the initial baseline visit, participants answered the 10-item questionnaire reflecting on their mood during the last 24 hours.
Fracture-Related Variables
Fracture type was classified as femoral neck, intertrochanteric, or subtrochanteric or other. Type of implant consisted of total hip arthroplasty or hemiarthroplasty; internal fixation with screws; or sliding hip screw, intramedullary nail, or other. For analysis, anesthesia type was documented as general versus epidural, spinal, or other.
Pain
All participants rated pain at each assessment using a numerical rating scale with a score of 0 indicating no pain and 10 the worst pain. 34 
Stress
Stressful life events experienced during the year before fracture were assessed using the Geriatric Adverse Life Events Scale (GALES). 35 Participants are asked to indicate the presence of 21 adverse life events and to rate the degree of stress related to each event on a 3-point scale: not at all, somewhat, or very stressful. Scores were summed for a total stress score (maximum of 63), with higher scores indicating a higher degree of stress. Interrater reliability was high across number of life events, perceived stress, and negative effect on mood, with intraclass correlation coefficients (ICCs) ranging from 0.96 to 0.99. 35 The Perceived Stress Scale was used to assess subjective stress in the immediate aftermath of the fracture or surgical repair (24 hours). For the purposes of the current study, perceived stress was measured using a single item that asked participants to rate their level of perceived stress regarding the entire hip fracture experience on a 3 point scale: not at all (1), somewhat (2), or very stressful (3).
Cognitive Functioning
The Short Blessed Test (SBT) 36 was used to evaluate the baseline cognitive status of all potential participants. Scores greater than 12 were grounds for study exclusion because they indicate moderate to severe cognitive impairment. The SBT has been tested on five different populations and reflects a sensitive measure of memory and concentration showing good reliability. 36 Validity was good, with high correlation with the Mental Status Questionnaire (correlation coefficient (r) = 0.95). 36 
Medical Comorbidities
The Cumulative Illness Rating Scale for Geriatrics (CIRS-G) was used to evaluate burden of medical illness. 37 The scale quantifies medical data from chart reviews and participant interviews. Fourteen body systems are rated on a 5-point scale ranging from 0 (no problem) to 4 (extremely severe problem; e.g., acute hip fracture). Ratings are summed for a total score. The measure has demonstrated good interrater reliability (ICC 0.7-0.88 in two subsamples) for CIRS-G total scores. 37 Significant correlations between CIRS-G scores and capability as quantified using the Older Americans Activities of Daily Living Scale and between CIRS-G scores and physicians' global estimates of medical burden support the validity of the instrument. 37 
Statistical Analysis
Spearman rho correlation coefficients were used to examine the relationships between PTSD and FoF measures. Factors that may predict PCL-S total score for the regression analysis were chosen based on P < .10 from independent t-tests or chi-square tests with pPTSD diagnosis at 12 weeks as the grouping variable or on past research indicating importance. 38 The former were entered into Block 1 (Model 1) of a regression analysis, whereas variables of importance from past research were entered into Block 2 (Model 2).
The distribution for the outcome variable PCL-S total score for Week 12 exhibited a positive skew and positive kurtosis and reflected a trend toward two underlying groups (those who qualified for pPTSD diagnosis and those who did not). Tests of normality and homogeneity of variance indicated that assumptions were violated. For the regression analysis, the reciprocal transformation of PCL-S total score was used, and standardized betas are reported. Plots of standardized residuals against standardized predicted values indicated that two scores were extreme outliers. These two scores were winsorized to the next value not considered an outlier. Absolute values from standardized residual plots of each predictor variable were examined in a separate linear regression analysis; the highest values that resulted in residuals that fell within AE3.29 were substituted for values greater than 3.29 to constitute a more normally distributed sample.
A separate linear regression analysis was conducted to examine the influence of anesthesia type on PCL-S total score at Week 12.
RESULTS
Characteristics of the sample are presented in Table 1 ; as is typical for the hip fracture population, the sample was primarily Caucasian, female, and of advanced age. Table 2 presents rates of PTSD and FoF 4 and 12 weeks after surgery. Only 2.9% of the sample screened positive for probable fPTSD; no participants were diagnosed with fPTSD based on the CAPS follow-up to the PCL-S. Very few participants met criteria for pPTSD (13.3%) at 4 weeks, with the most frequently reported symptoms being reexperiencing repeated thoughts, memories, or images of the hip fracture; trouble falling or staying asleep; and being "super-alert," watchful, or on guard. Frequencies of each item at 4 and 12 weeks are shown in Table S1 .
There was a higher rate of FoF than pPTSD. Rates of FoF and pPTSD decreased from 4 to 12 weeks (Table 2) . Table 3 presents the overlap between PTSD and FoF in terms of correlations at each time point between diagnoses and symptoms. The correlation between FoF and pPTSD was significant but modest; this correlation was greatest at the symptom level and at Week 12 (r = 0.39, P < .001).
Predicting PCL-S Total Score 12 Weeks After Surgery
The linear model of predictors of the reciprocal PCL-S score at 12 weeks is presented in Table 4 . In Model 1 (F(3, 302) = 11.8, P < .001), higher GALES stress ratings and MADRS depressive symptoms were associated with higher PCL-S total scores. For Model 2 (F(8, 297) = 5.4, P < .001), higher GALES stress ratings and MADRS depressive symptoms remained significant. The change in coefficient of determination (0.01) between the two models was not significant (P = .47), indicating that additional variables did not improve the model.
There was no effect of anesthesia type on PTSD symptoms (F(1, 347) = 1.6, P = .21).
DISCUSSION
In this large, well-characterized sample of individuals with hip fracture followed prospectively, posttraumatic stress symptoms were characterized at two time points after the hip fracture surgery. There were several important findings. First, PTSD was rare; no cases of fPTSD were found in the sample and relatively low rates of pPTSD. A negative effect of baseline depression and stress on pPTSD scores was found 12 weeks after surgery.
Despite other research showing that approximately 4% of elderly adults hospitalized for a fall-related injury develop PTSD, 39 the current study found that only 3% (n = 11) had probable fPTSD according to the PCL-S screening measure and that, of these, none met criteria for full diagnosable PTSD using the CAPS. Given the lack of fPTSD and that, in many trauma-exposed populations, pPTSD is more prevalent than fPTSD and is also PTSD symptoms were measured using the PCL-S (Posttraumatic Stress Disorder Checklist-Specific) and reported here as a diagnosis according to specific criteria described in the methods section, as a total score on the PCL-S, and as the number of symptoms endorsed at a level of 3 or above.
FoF symptoms are similarly presented: presence of FoF based on a single item on the Fear of Falling Questionnaire, as a total score, and as the number of symptoms endorsed as agree or strongly agree. SD=standard deviation.
associated with significant psychiatric impairment, [41] [42] [43] it was decided to focus on individuals with pPTSD.
Although other researchers 1 have found high rates of PTSD (27% with moderate to severe posttraumatic stress) after hip fracture, the current study found a very low rate. This may have been because of differences in assessment methods. The current study excluded individuals with severe cognitive impairment, who might provide unreliable responses to psychological screening questions on the PCL-S. Other studies have used screening measures to evaluate posttraumatic stress symptoms in the immediate aftermath of fracture while individuals were still hospitalized. In contrast, the current study screening measures were administered at least 4 weeks after surgery (the time gap after trauma required to make a PTSD diagnosis) and followed up with a diagnostic interview, if warranted based on screening scores. The current findings mirror previous research, 39 which found a low rate (4%) of PTSD in hip fracture survivors 6 months after surgery, but in contrast to research showing higher, stable rates of PTSD (15-16%) in a medical intensive care unit population 3 and 12 months after hospital discharge. 44 The current findings are broadly consistent with those of studies that have reported that older adults have lower rates of PTSD than younger adults in noncombat trauma situations. [45] [46] [47] Although it has been suggested that the association between age and posttrauma function may be due to some reluctance of older generations to acknowledge psychopathology, 12 others propose that age itself may be protective against the development of trauma-related symptoms. 48 Although either of these explanations could be valid, the consistency of the current findings (no fPTSD, few PTSD symptoms) in spite of participants commonly endorsing FoF indicates that fall-related hip fracture is not perceived as a sufficiently traumatic event in older adults to induce fPTSD.
As expected, individuals with high baseline levels of depression and stress had higher PCL-S scores 12 weeks after surgery. Depression and stress have been identified as common comorbidities of fPTSD and pPTSD. A previous study 49 examined rates of comorbid anxiety and major depressive disorder and found that these were 68.5% and 90.7% higher, respectively, in individuals with pPTSD than in those with no PTSD symptoms. Given that, in the current study sample, depression and stress were assessed at the time of the fracture, it is possible that the current findings corroborate other research suggesting that preexisting depression and anxiety or stress may contribute to the development of PTSD symptoms e.g. 50 The current study used the PCL-S, which is meant to be a screening tool and not diagnostic. The CAPS was administered only to individuals who screened above a certain cut off on the PCL; it is therefore possible that some individuals with PTSD completed the PCL-S incorrectly or downplayed symptoms and were then passed over for more-thorough diagnostic assessment. The diagnosis of pPTSD was based on a previously developed 28 and used 29 definition, although there is no consensus definition of pPTSD. Spearman rho correlation coefficient (r) reported. PTSD symptoms were measured using the Posttraumatic Stress Disorder Checklist-Specific (PCL-S) and reported here as a diagnosis according to specific criteria described in the methods section, as a total score on the PCL-S, and as the number of symptoms endorsed at a level of 3 or above. FoF symptoms are similarly presented as presence of FoF based on a single item on the of Falling Questionnaire, as a total score, and as the number of symptoms endorsed as agree or strongly agree. PCL-S-Posttraumatic Stress Disorder Checklist-Specific. The sample mostly comprised white women and may not be generalizable to the general geriatric population, although the findings support a metaanalysis 20 that found that older age may be protective against PTSD. In addition, information was not collected from participants on history of trauma or PTSD diagnosis, so it is unclear how a fall-related hip fracture ranked in their total experience of potentially stressful life events. Neither was functional impairment associated with the current PTSD symptoms assessed.
In summary, after hip fracture older adults had low rates of PTSD, indicating that hip fracture is not typically traumatic enough to induce PTSD in individuals aged 60 and older. Individuals with symptoms of depression and anxiety at the time of fracture should be monitored to ensure that PTSD symptoms can be managed should they develop. Author Contributions: Kornfield: drafting of manuscript, study design, data analysis and interpretation, formatting, final proofreading, approval of version to be published, submission. Lenze: study concept and design, manuscript editing, final proofreading, approval of version to be published. Rawson: study design, data analysis and interpretation, manuscript drafting and editing, final proofreading, approval of version to be published.
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